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“On Risk Management Methods of Equity-Linked Insurance and Practical Problems” 
 
Recently the various types of the equity-linked insurance have been introduced and 
actively traded in Japanese insurance markets. We investigate the basic problems of the 
actuarial risk management methods for those products based on the Markovian 
regime-switching time series model, which was originally proposed by Hamilton (1989) 
and applied to the insurance problem by Hardy (2001, 2003). 
We argue that they should be carefully used in Japan mainly because the 
macro-economic performance of Japan in the past decades have been quite different 
from the macro-economies of Canada and U.S.. มֹ೥ۚอݥͷཧ࿦ͱ࣮ࡍ∗
ळࢁ߽ଠ†
ࠃ༑௚ਓ‡










มֹ೥ۚอݥɺ࠷௿อোɺہ໘స׵ର਺ਖ਼ن (RSLN) ϞσϧɺӅΕϚϧίϑ (Hidden
Markov) ϞσϧɺVaRɺ੄৚݅෇ظ଴஋ (CTE)ɺ௕ظϦεΫ؅ཧ໰୊






































































ϯΫอݥ (unit-linked insurace) ͱݺ͹Ε͍ͯΔ͜ͷछͷ೥ۚอݥܖ໿͕1960 ೥୅ޙ൒͔
Β1970 ೥୅ޙ൒ʹ͔͚ͯ͸޿൚ʹൢച͞Ε͍ͯͨͷͰ͋ΔɻถࠃͰ͸มֹ೥ۚ (variable
annuitiesɺུͯ͠ VA) ΍ΤΫΠςΟʔ೥ۚ (EIA:equity-indexed annuities) ͕։ൃ͞Ε
͍ͯΔɻΧφμͰ͸ɺຬظ࣌͋Δ͍͸ࢮ๢࣌ʹࢧ෷͍͕อূ͞Ε͍ͯΔɺݸผ෼཭ϑΝ
ϯυܖ໿ (segregated fund contracts) ͱݺ͹ΕΔ೥ۚอݥ͕1990 ೥୅ޙ൒ʹ͔ͳΓͷൢ
ച࣮੷Λ͓͞Ί͍ͯΔɻ͜͏ͨ͠৽͍͠೥ۚอݥܖ໿ʹ͍ͭͯຊߘͰ͸ΤΫΠςΟϦϯ













ςΟϦϯΫܕอݥͱͯ͠͸ɺ࠷௿೥ۚݪࢿอূ (GMMB:Guaranteed Minimum Matu-
rity Beneﬁt)ɺ࠷௿ࢮ๢څ෇ۚอূ (GMDB:Guaranteed Minimum Death Beneﬁt)ɺ࠷
௿ղ໿ฦ໭ۚอূ (GMSB:Guaranteed Minimum Surrender Beneﬁt)ɺ࠷௿೥ֹۚอূ












































































∼ N(µ(t − r),σ 2(t − r)) ,t>r (3.1)
Ͱ͋Γɺະ஌฼਺͸Ұఆ஋ΛͱΔ µ ͱϘϥςΟϦςΟσ Ͱ͋Δɻ͜ͷಠཱ૿෼ର਺ਖ਼ن

















ج͖ͮϚϧίϑతʹੜ͡ΔϞσϧ͸ɺ౷ܭత࣌ܥྻղੳ(statistical time series analysis)
ͷ෼໺Ͱ͸Ϛϧίϑస׵࣌ܥྻϞσϧͱݺ͹Ε͍ͯΔɻ ʢྫ͑͹ Kitagawa (1987) Λࢀ
রɻ ʣܭྔܦࡁֶʹ͓͍ͯ͜ͷछͷہ໘స׵ϞσϧΛಋೖͨ͠ͷ͸ Hamiltion (1989) Ͱ
͋Γɺओͱͯ͠ϚΫϩܦࡁ෼ੳʹ͓͚Δܠؾ॥؀ͷෳࡶͳ࣌ܥྻܭྔܦࡁϞσϧͱͯ͠
ར༻͞Ε͍ͯΔɻ͞Βʹɺ͜ͷछͷϚϧίϑస׵࣌ܥྻϞσϧͷதͰ΋ہ໘స׵ର਺ਖ਼















͢Δɻ͜͜Ͱɺہ໘స׵ͷਪҠ֬཰ߦྻ P =( pij) Λ
pij(t +1 )=P(pt+1 = j
 pt = i) i =1 ,2,···,K,j=1 ,2,···,K (3.3)
6ͱͯ͠ɺऩӹ཰ Rt+1 = log
St+1
St ͷఆৗ෼෍Λߟ͑Α͏ɻϚϧίϑܕਪҠ֬཰͕࣌ؒʹґ
ଘ͠ͳ͍ͱԾఆ͠ɺ৚݅෇֬཰ pij(t +1 )=pij ͕ํఔࣜ
πP = π (3.4)
Λຬͨ͢ఆৗ෼෍Λπ ͱ͠Α͏ɻͨͩ͠π =( π1,π 2,···,π k)ɼ
k
i=1 πi =1 ɼπk ≥ 0 ∀k
Ͱ͋Δɻ
͜͜Ͱ֤ہ໘ʹ͓͚Δऩӹ཰͸ޓ͍ʹಠཱʹͦΕͧΕ෼෍ؔ਺ Fi (i =1 ,···,k) ʹͨ͠








P(Rt ≤ r0|ρt−1 = i1)=
K 
i0=1













































ͷಉ࣌෼෍ͷੑ࣭Λௐ΂ͯΈΑ͏ɻ·ͣ u ≥ 1 ʹରͯ͠৚݅෇֬཰ͷදݱ


























ρt = i0,···,ρ t−u = iu,ρ t−u−1 = iu+1) × piu+1iupiuiu−1 ···pi1i0
7Λར༻͠Α͏ɻ͜ΕΑΓɺೋ࣌఺ͷऩӹ཰ͷಉ࣌෼෍ؔ਺͸




























ͱදݱ͢Δ͜ͱ͕Ͱ͖Δɻ͜͜Ͱpiui0 = P(ρu = i0|ρt−u = iu) Ͱ͋Δ͜ͱʹ஫ҙ͓ͯ͠
͘ɻಉ࣌෼෍ؔ਺ΑΓಉ࣌ີ౓ؔ਺͸












































[µi0 + σi0E(xi0)][µiu + σiuE(xiu)]πupiui0




















[µi0 + σi0E(xi0)][µiu + σiuE(xiu)]πiu(piui0 − πi0)
Ͱ༩͑ΒΕΔɻ͕ͨͬͯ͠ɺ΋͠ piui0 = P(ρu = i0|ρt−u = iu)=πi0 ͱͳΔͳΒ͹ɺ









πi0E[(µi0 + σi0xi0)n] (3.11)



























ͳΘͪɺ͋Δਖ਼ఆ਺ M1 ͕ଘࡏͯ͠ E[(µi0 + σi0xi0)2] ≤ M1ɺE[(µiu + σiuxiu)2] ≤ M1
ͱ͢Δɻ͜ͷͱ͖ɺ΋͠༗ݶͷঢ়ଶม਺ͷϚϧίϑ࿈࠯Ͱදݱ͞Εͨہ໘స׵աఔ͕Τ





























໋୊ 1 : ہ໘స׵(RS) Ϟσϧʹ͓͍ͯہ໘స׵ͷਪҠ֬཰(transition probability)͕࣌
ؒʹґଘͤͣඇط໿(irreducible)͔ͭඇ॥؀(a-periodic)ͷϚϧίϑ࿈࠯(Markov chain)
ͱ͢Δɻ͜ͷͱ͖ऩӹ཰Rt ͱ Rt−s ͷಉ࣌෼෍͸(3.10) Ͱ༩͑ΒΕΔɻ֤ہ໘ʹ͓͚Δ
ऩӹ཰ͷ෼ࢄ͕༗ݶͳΒ͹ࣗݾڞ෼ࢄؔ਺͸(3.12)Ͱ༩͑ΒΕΔɻ·ͨ͜ΕΒͷԾఆͷԼ
Ͱɺऩӹ཰ͱೋ৐ऩӹ཰͸ऑैଐ (weakly dependent) ͷऑఆৗաఔ (weakly stationary
process) ͱͳΔɻ
࣍ʹ֤ہ໘ʹ͓͍ͯऩӹ཰͕͕ͨ͠͏෼෍ΛԾఆͯ͠฼਺Λਪఆ͢Δ࠷໬ਪఆ๏ (maxi-




9ʹ͕ͨ͠͏ͱԾఆ͢Δͱɺਪఆ͢Δύϥϝʔλʔ͸ θ = {µ1,µ 2,σ 1,σ 2,p 12,p 21} ͷ 6 ݸ








͜͜Ͱ؍ଌظؒʹ͓͍ͯnݸͷσʔλ͕؍࡯͞Εͨͱ͢Δͱɺ ؍࡯ྔR =( R1,R 2,···,R n)
ͷ໬౓ؔ਺͸ɼ
Ln(θ)=f(R1|θ)f(R2|θ,R 1)f(R3|θ,R 1,R 2)···f(Rn|θ,R 1,R 2,···,R n−1)
Ͱ༩͑ΒΕΔɻ͜͜Ͱ f ͸ऩӹ཰R ͷີ౓ؔ਺ɺt−1 ࣌఺·Ͱͷ৘ใΛॴ༩ͱͨ͠t ൪
໨ͷ؍ଌྔ͕͕ͨ͠͏ର਺৚݅෇ີ౓ؔ਺͸ logf(Rt|Rt−1,R t−2,···,R 1,θ) Ͱ͋Δɻ


















ྻϞσϧʹ͓͚Δ࠷໬ਪఆྔͷҰகੑʹ͍ͭͯ͸ Leroux (1982) ͷ݁Ռɺ઴ۙਖ਼نੑʹ
͍ͭͯ͸ Bickel et. al.(1998) ͷ݁Ռ͕ద༻Ͱ͖Δɻ֤ہ໘Ͱͷऩӹ཰ͷ෼෍͕Ұൠͷ৔
߹ʹ͓͍ͯ࠷໬ਪఆྔͷΑ͍ੑ࣭Λಋͨ͘Ίͷਖ਼ଇ৚݅ʹ͍ͭͯ͸͜ΕΒೋͭͷ࿦จʹ
ৄ͘͠આ໌͞Ε͍ͯΔɻྫ͑͹֤ہ໘ʹ͓͚Δ෼෍͕ਖ਼ن෼෍Ͱ͋Ε͹ɺͦͷਖ਼ଇ৚݅
͸͔ͳΓ୯७Խ͞ΕΔɻ฼਺ۭؒΘ = {µ1,µ 2,0 <σ 1,0 <σ 2,0 <p 12 < 1,0 <p 21 < 1}
ͱ͢Δͱɺਅͷ฼਺஋͕฼਺ۭؒͷڥք্ʹ͋Δͱɺ௨ৗͷ઴ۙత݁Ռ͕ඞͣ͠΋੒ཱ
͠ͳ͍͜ͱʹ஫ҙ͓ͯ͜͠͏ɻྫ͑͹ɺ౷ܭՈͷؒͰ͸Α͘஌ΒΕ͍ͯΔྫͱͯ͠͸ɺ֤
ہ໘ͷ෼෍͕ਖ਼ن෼෍ʹ͕ͨ͠͏ͱ͖ɺ෼ࢄͷ฼਺σ2 −→ 0 ͱ͢Δͱ໬౓ؔ਺Λ͍͘Β
Ͱ΋େ͖͘͢Δ͜ͱ͕Ͱ͖ɺ໬౓ؔ਺͕ൃࢄ͢ΔՄೳੑ͕͋Δɻͦ͜Ͱ฼਺ۭؒΛे෼
ʹେ͖͍ਖ਼࣮਺ Mi (i =2 ,3,4)ʹΑΓ
Θ = {|µ1|≤M2,|µ2|≤M2,1/M3 ≤ σ1,σ 2 ≤ M3,1/M4 ≤ p12,p 21 ≤ 1 − 1/M4}
4ྫ͑͹ Hamilton (1990) ͸ܭࢉΞϧΰϦζϜΛৄ͘͠આ໌͍ͯ͠Δ͕ɺຊߘͰͷσʔλ෼ੳ͸ͦͷܭࢉ
ΞϧΰϦζϜΛར༻ͨ͠ɻ
10ˆ µ ˆ σ
TSE 300 1956-1999 0.008 0.156
TOPIX 1956-1999 0.007 0.175
TOPIX 1956-1979 0.009 0.160
TOPIX 1980-1989 0.014 0.144




໋୊ 2 : ہ໘స׵ (RS) Ϟσϧʹ͓͍ͯہ໘స׵ͷਪҠ֬཰͕࣌ؒʹґଘͤͣɺඇط໿






−→ θ0 , (3.13)
͔ͭ
√
n(ˆ θ − θ0)
d −→ N(0,I(θ0)−1) (3.14)













͍ͯΔͷ͕τϩϯτূ݊औҾॴ 300 छʢTSE300ɿTronto Securities Exchange300ʣͰ͋
Δɻͦ͜Ͱ഑౰ࠐΈͷTSE300 ͷ݄࣍ͷର਺ऩӹ཰ͱͦͷ 12ϱ݄ͷҠಈඪ४ภࠩʢҠಈ
ϘϥςΟϦςΟʣΛਤ 1 ʹ͓͕ࣔͯ͘͠ɺσʔλͷظؒ͸ TSE ͕ಋೖ͞Εͨ 1956 ೥1 ݄
͔Β͔Β 1999 ೥ 12 ݄·Ͱͷ 527 ݸͰ͋Δɻ೔ຊʹؔͯ͠͸ɺגࣜࢦඪͱͯ͠ඪ४తͳ
TOPIX ͷ݄࣍ͷର਺ऩӹ཰ (഑౰ແ) Λ༻͍ͨɻ݄࣍ର਺ऩӹ཰ͱͦͷ 12ϱ݄ͷҠಈඪ
४ภࠩΛਤ 2 ʹ͓͕ࣔͯ͘͠ɺσʔλͷظؒ͸ 1956 ೥ 1 ݄͔Β1999 ೥ 12 ݄·Ͱɺσʔ
λ਺͸ 527 ݸͰ͋Δɻ
શظؒͷର਺ऩӹ཰Λ༻͍ͨσʔλͷฏۉͱϘϥςΟϦςΟͷਪఆ஋Λ·ͱΊΔͱɺද
1 ͷΑ͏ʹͳΔɻ1956 ೥͔Β1999 ೥·ͰͷσʔλͰݟΔͱɺTSE300 ͷ೥࣍ͷϘϥςΟ






1 9 5 6
1 9 6 2
1 9 6 8
1 9 7 5
1 9 8 1
1 9 8 7



























͸ 20 ˋલ൒ʹͳ͍ͬͯΔɻ͔͠͠ͳ͕Βɺ૬ҧ఺΋গͳ͘ͳ͍ɻTSE300 ͱ TOPIX Ͱ
͸ɺہ໘ؒͷฏۉͷ͕ࠩ 0.029ɼ0.012 ͱ͔ͳΓҟͳ͍ͬͯΔɻہ໘͕స׵͢Δ֬཰΋ɺ
ಛʹ P21 ʹؔͯ͠͸ɺTSE300 ͕ 0.191ɼTOPIX ͕ 0.045 ͱҟͳ͍ͬͯΔɻ͜ͷ͜ͱ͸ɼ
TSE300 ͷσʔλͷ΄͏͕ TOPIX ͷσʔλΑΓߴϘϥςΟϦςΟͷঢ়ଶ͕ଓ͔ͳ͍ͱ͍
͏͜ͱΛ͍ࣔࠦͯ͠Δɻ͜͜Ͱہ໘ i ͕ t ݄ଓ֬͘཰͸ pt−1






















1 9 5 6
1 9 6 1
1 9 6 7
1 9 7 3
1 9 7 9
1 9 8 4
1 9 9 0




























͜͜Ͱ M Λہ໘ 1 ʹ଺ࡏͨ͠૯ճ਺ͱ͢ΔͱɺM ∈{ 0,1,2···,n} ͷՄೳੑ͕͋Δɻ
·ͨ֬཰ P(M = m)=p(m) Ͱදݱ͠ɺ͞Βʹ Mt Λظؒ [t,n) ʹ͓͍ͯہ໘ 1 ʹ଺ࡏ
ͨ͠૯ճ਺ͱ͠Α͏ɻͦͯ͠ɺP(Mt = m|ρt−1)( m =0 ,1,···,n− t : t =1 ,···,n− 1)
Λߟ࡯͠Α͏ɻ͜͜Ͱ໌Β͔ʹɺm>n−tɼm<0 ʹରͯ͠͸ ɹP(Mt = m|ρt−1)=0
ͱͳΔɻ͜͜Ͱؔ܎
P(Mt = m|ρt−1 =1 )=p11P(Mt+1 = m − 1|ρt =1 )+p12P(Mt+1 = m|ρt =2 )
Λ࢖͑͹ɼஞ࣍తʹ֬཰ M = M0 ΛٻΊΔ͜ͱ͕Ͱ͖ΔɻM ͷ෼෍ؔ਺Λར༻ͯ͠n࣌఺
ʹ͓͚Δࢦ਺ͷ૯ऩӹ཰ͷ෼෍ΛٻΊɺSn ͸ n ࣌఺Ͱͷࢦ਺ͷ૯ऩӹ཰ͷ෼෍ɺS0 =1




1 +( n − M)σ2
2 Ͱ͋Δɻ֤ہ໘Ͱͷ෼෍Λਖ਼ن෼෍ʹಛఆԽ͢Ε͹ɺM
13ˆ µ1 ˆ σ1 ˆ p12
ˆ µ2 ˆ σ2 ˆ p21




















ද 2: ࠷໬ਪఆ๏ʹΑΔRSLN Ϟσϧͷύϥϝʔλʔͷਪఆ஋
ʢ஫ɿΧοί (·) ͸ඪ४ภࠩͷਪఆ஋Λ͍ࣔͯ͠Δɻ ʣ
ˆ µ ˆ σ
TSE 300 1956-1999 0.008 0.046
(0.002) (0.001)
TOPIX 1956-1999 0.007 0.051
(0.002) (0.002)
TOPIX 1956-1979 0.009 0.046
(0.003) (0.002)
TOPIX 1980-1989 0.014 0.042
(0.004) (0.003)
TOPIX 1990-1999 -0.004 0.065
(0.006) (0.004)
ද 3: ࠷໬ਪఆ๏ʹΑΔ ILN Ϟσϧͷ฼਺ਪఆ஋
ʢ஫ɿΧοί (·) ͸ඪ४ภࠩͷਪఆ஋Λ͍ࣔͯ͠Δɻ ʣ
14RSLN Ϟσϧͷ໬౓ؔ਺஋ ILN Ϟσϧͷ໬౓ؔ਺஋
TSE 300 1956-1999 917.38 888.19
TOPIX 1956-1999 852.48 825.14
TOPIX 1956-1979 477.14 472.16
TOPIX 1980-1989 223.07 206.66
TOPIX 1990-1999 161.40 145.69




























཰ີ౓ؔ਺Λ࢖ͬͯہ໘స׵ର਺ਖ਼ن (RSLN) Ϟσϧͱಠཱର਺ਖ਼ن (ILM) Ϟσϧʹ
͕ͨ͠͏ऩӹ཰ͷ෼෍ؔ਺΍֬཰ີ౓ؔ਺ͳͲΛਪఆ͢Δ͜ͱ΋ग़དྷΔɻ௕ظؒͷऩӹ
཰෼෍ʹ͍ͭͯ͸ಠཱ૿෼ର਺ਖ਼ن (ILN) Ϟσϧʹൺ΂ͯɼہ໘స׵ର਺ਖ਼ن (RSLN)
Ϟσϧͷࠨͷ੄͕ް͍͜ͱ͕ΈͯͱΕΔɻ͜͏ͨ͠੄ͷް͕͞ɺΤΫΠςΟϦϯΫܕอ
ݥʹ͓͍ͯ௕ظͷܖ໿ʹ͓͚ΔϦεΫΛϞσϦϯά͢Δࡍʹ༗༻ʹͳͬͯ͘Δɻ͔͠͠




͜͜Ͱ͸ද2 Ͱਪఆͨ͠ύϥϝʔλʔΛ࢖͍ɺ͞Βʹॳظ஋S0 = 100 ͱͨ࣌͠ͷऩӹ
཰ͷྦྷੵ෼෍ؔ਺ͱ֬཰ີ౓ؔ਺Λਤ 3 ͔Βਤ 7 ʹ༩͓͑ͯ͘ɻ௕ظؒͷऩӹ཰෼෍ʹ












rsln2  ln 
ਤ 3: TSE300 ͷ֬཰ີ౓ؔ਺







0.35 rsln2  ln 
ਤ 4: TOPIX1956-1999 ͷ֬཰ີ౓ؔ਺
͕Ͱ͖Δ͜ͱʹ஫ҙ͢Δɻ৚݅෇ର਺ਖ਼ن෼෍ͷੑ࣭Λར༻͢Δͱ
E[(St+1)k] (3.18)




1 +( n − M)σ2
2))]























ͱͳΔ͜ͱ͕Θ͔Δɻ͜ͷ (3.18) ࣜΛ༻͍ͯɺہ໘స׵ (RSLN) Ϟσϧʹ্ؔͯ͠هͷ
5 έʔεʹ͍ͭͯද 5 ʹɼฏۉɼ2 ࣍ɼ3 ࣍ɼ4 ࣍ͷϞʔϝϯτɼ࿪౓ɼઑ౓ΛٻΊͨ݁
ՌΛ༩͓͑ͯ͘ɻ·ͨൺֱͷҝʹऩӹ཰σʔλ͔Βܭࢉͨ݁͠ՌΛද 6 ʹ·ͱΊ͓ͯ͘ɻ
ͳ͓ TOPIX ͸શظͷσʔλΛɺTOPIX1,2,3 ͸ͦΕͧΕ 1956 ೥ʙ1979 ೥ɼ1980 ೥ʙ
1989 ೥ɼ1990 ೥ʙ1999 ೥ͷظؒͷσʔλΛͦΕͧΕҙຯ͍ͯ͠Δɻ






0.30 rsln2  ln 
ਤ 5: TOPIX1956-1979 ͷ֬཰ີ౓ؔ਺







rsln2  ln 









ͱ͢Δͱɺmax[G − F,0] Ͱ༩͑ΒΕΔɻ͕ͨͬͯ͠ɺ͜ͷܖ໿͸Ϥʔϩούܕϓοτɾ










rsln2  ln 
ਤ 7: TOPIX1990-1999 ͷ֬཰ີ౓ؔ਺
TSE300 TOPIX TOPIX1 TOPIX2 TOPIX3
ฏۉ 3.1056 2.6331 3.2296 7.1764 0.90306
2 ࣍Ϟʔϝϯτ 12.853 8.3228 14.181 69.183 1.3333
3 ࣍Ϟʔϝϯτ 68.875 30.420 84.092 955.40 3.0986
4 ࣍Ϟʔϝϯτ 468.95 128.66 669.59 20376. 11.160
࿪౓ 1.5727 0.72517 1.9362 2.7587 2.5754
ઑ౓ 7.5859 5.3237 10.262 20.377 16.770







͠Ҿ͔ΕΔͱͯ͠ɺ͞Βʹ Sn Ͱ n ࣌఺ʹ͓͚Δ౰֘ࢿ࢈ͷՁ֨ɺS0 = 100 ΛԾఆ͢Ε
͹ɺຬظ࣌ʹ͓͚Δ੹೚४උۚ͸
X = max(G − Sne−nh,0) (4.1)
ͱͳΔɻ͜͜Ͱ ζ = P(Sne−nh >G ) ͱ͠Α͏ɻ΋͠α ≤ ζ Ͱ͋Ε͹ɺ੹೚४උۚͷ෼෍
ͷ 100α ύʔηϯτ఺͸ Vα =0Ͱ͋Δɻ͞Βʹ α>ζͱͳΔ৔߹ʹ͸ Vα ͸
FSn((G − Vα)enh)=( 1− α) (4.2)
ΑΓ
Vα = G − e−nhF−1
sn (1 − α) (4.3)
18TSE300 TOPIX TOPIX1 TOPIX2 TOPIX3
ฏۉ 2.9993 2.7612 3.1991 6.4926 0.80748
2 ࣍Ϟʔϝϯτ 11.479 10.363 13.228 51.858 1.0826
3 ࣍Ϟʔϝϯτ 56.059 52.869 70.704 509.54 2.4099
4 ࣍Ϟʔϝϯτ 349.34 366.60 488.48 6159.1 8.9074
࿪౓ 1.7212 2.0134 1.7810 1.5498 2.9745





਺ͷٯؔ਺ʹΑΓ zα =Φ −1(α) ͱஔ͚͹ɺ
Vα = G − S0 exp[−zα
√










͜͜Ͱɺ࿈ଓ͔ͭ୯ௐ૿Ճͷ੹೚४උۚͷ෼෍ʹରͯ͠ 0 ≤ α<1 ͷൣғʹ͋Δ೚ҙ
ͷ฼਺ α ʹର͢Δ CTE ͸
CTE(α)=E[X|X>V α] (4.5)
Ͱ༩͑ΒΕΔɻ͜͜Ͱ Vα ͸όϦϡʔɾΞοτɾϦεΫ஋Ͱ͋Δɻ͜͏ͨ͠ CTE ͷఆٛ
ʹΑΕ͹ɺྫ͑͹ α<ζʹରͯ͠͸ Vα =0ͱͳΔɻ͜ͷΑ͏ͳέʔε͕࣮༻తʹ๬·
͘͠ͳ͍ͱ͢Ε͹ɺྫ͑͹ β  = maxβ : Vα = Vβ ͱ͍͏β ʹج͖ͮ
CTE(α)=
(1 − β )E[X|X>V α]+( β  − α)Vα
1 − α
ɹ (4.6)
ͱఆٛ͢Δ͜ͱΛɺྫ͑͹ Hardy (2001) ͸ఏҊ͍ͯ͠Δɻ͜ͷΑ͏ͳCTE ͷఆٛ͸Ұ
छͷ࣮༻తͳ؆ศ๏ͱߟ͑ΒΕΑ͏ɻ
19͜͜Ͱ α ≥ ζ ΛԾఆͯ͢͠Δͱ
CTE(α)=E[X|X>V α]




















ͱදݱ͞Ε͜ͱʹ஫ҙ͠Α͏ɻ͜͜Ͱॳظ஋ S0 =1͔ͭ Sn ∼ LN(nµ,
√
nσ) Ͱ͋Δͳ
Β͹ɺα ≥ ζ ʹରͯ͠
CTE(α) (4.7)
= G −








(x − nµ − nσ2)2
2nσ2 )dx
= G −
exp(nµ − nh + nσ2/2)
1 − α
Φ(




ͱͳΔɻͳ͓ɺ͜ͷදݱ͸ॳظ஋ S0 =1ΛԾఆ͍ͯ͠ΔͷͰɺΑΓҰൠͷॳظ஋ S0 ʹ
ରͯ͠͸ɺಉ༷ͷٞ࿦ʹΑΓ
CTE(α)=G −









·ͨɺSn͕ہ໘స׵ର਺ਖ਼ن(RSLN)Ϟσϧʹ͕ͨ͠͏ͱ͖ʹ͸ɺSn|M ∼ lognormal(µ∗(M),σ ∗(M))
ʢͨͩ͠ µ∗(M)=Mµ1 +( n − M)µ2,σ ∗(M)=

Mσ2
1 +( n − M)σ2
2ʣͱͳΔ͜ͱʹ஫





















࣍ʹطʹਪఆ͞Εͨ 5 छྨͷ฼਺Λ༻͍ͯہ໘స׵ର਺ਖ਼ن (RSLN) ϞσϧʹΑΓγ
ϛϡϨʔγϣϯΛߦ͍ɺόϦϡʔɾΞοτɾϦεΫͱ CTE ͷϦεΫධՁΛද 7 ʹ·ͱΊ
20TSE300 TOPIX TOPIX1 TOPIX2 TOPIX3
ζ 0.8724 0.8302 0.9135 0.99968 0.1805
V0.90 8.8053 19.473 0 0 81.035
V0.95 28.215 37.030 15.028 0 86.443
V0.975 42.216 49.254 29.252 0 90.073
CTE(0.90) 31.558 39.669 18.784 0.0366 88.524
CTE(0.95) 44.837 51.547 32.174 0.0731 91.258
CTE(0.975) 55.008 60.114 42.562 0.1463 93.322
ද 7: RSLN ϞσϧʹΑΔϦεΫධՁ
͓ͯ͘ɻൺֱͷͨΊʹಠཱର਺ਖ਼ن (ILN) Ϟσϧʹ͍ͭͯ΋ද 8 ʹ·ͱΊ͓ͯ͘ɻ͜Ε


















ʹ͕ͨ͠͏ͱߟ͑ΒΕΔɻͨͩ͠ɺS120−j ͸࢒Γ120−j ݄ͷ౰֘ࢿ࢈Λද͕͢ɺj ظͰ͸ɼ
Sj ͕֬ఆ͢Δ͜ͱʹͳΔɻ͜͜Ͱ͸ɺ1೥ޙ͔Β8೥ޙ·Ͱ1೥͝ͱʹ੹೚४උۚ͸ͲͷΑ
͏ʹௐ੔͢΂͖Ͱ͋Δ͔ΛγϛϡϨʔγϣϯʹΑΓߟ࡯ͯ͠ΈΔɻܥྻ S12,S 24,···,S 96
·ͰΛ 100 ճཚ਺ൃੜͤ͞ɺ੹೚४උۚͷධՁΛ 100 ճߦ͍ͦͷฏۉΛͱͬͯΈͨɻͦ















21TSE300 TOPIX TOPIX1 TOPIX2 TOPIX3
ζ 0.9046 0.8327 0.9390 0.99864 0.1364
V0.90 0 16.213 0 0 81.702
V0.90 15.621 31.622 4.8049 0 85.850
V0.90 27.992 42.661 18.806 0 88.740
CTE(0.90) 18.835 34.317 11.256 0.1650 86.620
CTE(0.95) 30.811 45.023 21.754 0.3301 89.290
CTE(0.975) 39.869 53.026 32.178 0.6601 91.397
ද 8: ILN ϞσϧʹΑΔϦεΫධՁ
ද 9: TSE ͷಈֶతϦεΫධՁ
year VaR90 VaR95 VaR97.5 CTE90 CTE95 CTE97.5
10 8.8053 28.215 42.216 31.558 44.837 55.008
9 8.0621 22.197 36.101 29.422 39.673 49.742
8 8.3658 18.841 31.260 28.835 37.775 45.937
7 7.7355 16.155 26.694 27.763 35.888 41.939
6 8.1875 14.937 23.709 27.951 35.890 40.669
5 8.0847 13.944 20.849 27.059 33.814 39.786
4 7.7826 12.688 18.839 26.978 32.046 35.930
3 7.6623 12.149 16.871 23.647 25.464 31.862


















࠷ޙʹɺہ໘స׵ (RS) Ϟσϧ͸౷ܭత࣌ܥྻ෼ੳ(statistical time series analysis) ʹ
22ද 10: TOPIX ͷಈֶతϦεΫධՁ
year VaR90 VaR95 VaR97.5 CTE90 CTE95 CTE97.5
10 19.473 37.030 49.254 39.669 51.547 60.114
9 14.487 30.632 43.208 35.407 46.047 54.988
8 13.289 25.519 37.810 33.358 42.507 50.434
7 11.378 21.602 32.523 32.586 39.269 46.073
6 10.712 19.244 28.370 32.734 38.389 43.498
5 9.0013 15.990 23.811 29.286 32.484 39.869
4 10.066 15.339 21.231 27.600 32.949 36.413
3 9.2178 13.307 17.371 25.421 29.886 34.586
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